Beta-Track Autoradiographic Study of Teeth with CA45 * by Kinersly, Thorn
THORN KINERSLY**Department of Surgery, Yale University School of Medicine
BETA-TRACK AUTORADIOGRAPHIC STUDY OF TEETH WITH CA4S*
Variations of calcium45 taken up in vitro by the enamel and dentin of teeth
have been reported recently. Dentin appears to adsorb more Ca45 than
enamel, and carious dentin more than non-carious dentin. Underwood and
Hodge'0 measured the Ca45 differences in solutions of powdered non-
carious enamel and dentin. Minder and Gordonoff7 have published auto-
radiographs with Ca45 of intact rat teeth, and Belanger' of dentin caries in
a human tooth. Amprino and Camanni1 described experiments with dog and
human teeth. In the present study, autoradiographs were used to locate and
measure the Ca45 taken up in vitro by sections of intact and carious human
teeth.
METHOD
The method used was that of "track" autoradiography"'55which differs from
"contrast" autoradiography as follows:
1. Track autoradiography involves microscopic study of the linear sequence of
silver grains rendered developable in an emulsion by the passage of a charged
(ionizing) nuclear particle. Contrast autoradiography consists of observation of paths
of great numbers of nuclear particles in an emulsion appearing in the developed image
as a dense mass of silver grains.
2. Readily detected tracks can be obtained with use of specifically designed nuclear
particle emulsions and low energy beta-emitters, such as Ca4 (maximum energy
0.25 Mev), or alpha-emitters. Contrast autoradiography is possible with any radio-
active isotope and a variety of emulsions.
3. Due to the nature of beta-particle traversal through an emulsion-that is, its
ionization increases as its speed is decreased-tracks are obtained which at the starting
point are far apart and at the terminal end are close together. Thus, the origin of the
particle may be determined. With contrast autoradiography this is not possible.
4. With use of Cae, microscopic study of the location of individual tracks may be
correlated with very small morphological structure. Contrast autoradiographs are a
record of a large accumulation of tracks and consequently are limited to relation with
large morphological structure.
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5. Microscopic study of tracks is possible with exposures much less than those
necessary for measuring contrast of grain density.
6. By counting tracks the amount of radioactive tracer necessary for detection can
be reduced.
If a tooth section is placed directly on the emulsion, or vice versa, the opaqueness of
the calcified tissue limits the observation of the superimposed silver grains. Also, calci-
fied tissue sections mounted permanently on emulsions are subject to harmful effects
caused by the photographic processing solutions and the sections block the processing
solutions from the underlying exposed part of the emulsion. These problems are
avoided by the use of a method which separates the tissue and emulsion during process-
ing and examination and yet maintains the correlation between small morphological
structure and track data. The technique of Hoecker and Roofe satisfies these require-
ments. Sections were mounted on a plastic cover slip which was bent back during
processing, then returned to its original position.
Teeth used were obtained from patients of the Grace-New Haven Community
Hospital Dental Clinic. After being fixed in 10%o formalin, a random sample of these
teeth was ground by hand to a thickness of 50-75,u. Five sections, approximately 5 mm.
square, were placed in a Ca'5 chloride solution of specific activity, 25 mc./gm.,* and a
total calcium chloride concentration of 1 x 10' M.
Sections were mounted with Canada balsam or synthetic resin on one end of a
60 mm. flexible plastic cover slip. In total darkness, the other end of the cover slip
was glued to a nuclear track plate (Kodak NTB, 10,). Sections and emulsion were
allowed to touch with light pressure for exposure times varying from 15 minutes to
24 hours. After exposure the mounted section end of the cover slip was bent and
clamped away from the exposed end of the track plate in order to avoid contact of the
tissue sections and the photographic processing solutions. The plates were developed
for four minutes in Kodak D-19, stop-washed three minutes in water, fixed in Kodak
acid fixer for 20 minutes, washed in running water for 30 minutes, and dried in air.
Sections were examined with a binocular microscope, and areas of dentin which were
to be correlated with track counts were selected at random. Areas of enamel were
selected which had an approximately equal width. Without moving the microscope
stage, the cover slip with the opaque sections was bent out of the way so that the
corresponding area of the exposed track plate could be examined. Exposure and
examination were performed at room temperature to avoid appreciable dimensional
change of the plastic cover slip. Shrinkage of the emulsion during processing occurs
almost wholly in a direction perpendicular to the glass backing8; thus, only the total
length and not the location of the track is affected.
Track counting was performed at 1350x (oil immersion). A reticle ruled with a
square net was inserted into the microscope eyepiece and calibrated with a stage
micrometer. At the magnification used, a 75,u square area was delimited in the field of
vision. Tracks were counted in a zone across the emulsion, corresponding to a similar
zone, 75, wide, across the tooth structure. A track was defined arbitrarily as seven or
more silver grains in a row, and only tracks originating in the delimited square area
* Measurements of radioactivity were performed through the courtesy of Dr. E. R.
Gabrieli and Dr. J. H. Heller, Section of Medical Physics, Departments of Physiology
and Internal Medicine, Yale University School of Medicine.
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were counted. Few tracks were projected entirely in the same focal plane (horizon-
tally) ; thus, adjustment of the fine focus control was necessary to follow the vertical
component of each track in the emulsion.
Prior to moving the field of vision, a recognizable group of silver grains was noted
on one edge of the square reticulum, then these silver grains were moved to the
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FIG. 1. Track counts on autoradio-
graphs of carious (upper graph) and
non-carious (lower graph) human
enamel.
Ordinate: Number of tracks per
unit area.
Abscissa: Distance along a zone
counted across the emul-
sion, corresponding to a
similar zone across the
enamel.
Left arrow: Outer edge of enamel.
Right arrow: Beginning of dentin.
Circles: Values for one or more
sections (some values
were similar).
Curves: Mean values for five dif-
ferent teeth. Short curves
indicate background.
Sections were immersed in a Cae5 solu-
tion for one hour. Track plates were
exposed one hour.
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FIG. 2. Track counts on autoradio-
graphs of carious (upper graph) and
non-carious (lower graph) human
dentin.
Ordinate: Number of tracks per
unit area.
Abscissa: Distance along a zone
counted across the emul-
sion, corresponding to a
similar zone across the
dentin.
Arrow: Outer edge of dentin.
Circles: Values for one or more
sections (some values
were similar).
Curves: Mean values for five dif-
ferent teeth selected at
random. Short curves in-
dicate background.
Sections were immersed in a Cae6 solu-
tion for one hour. Track plates were
exposed one hour.
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AFIG. 3. Photograph of beginning caries in enamel. Superimposed curve shows dis-
tribution of tracks in corresponding autoradiograph. Section similar to those in
Figure 1.
Dotted lines: Boundaries of the zone in which track counting was performed.
Abscissa: Lower edge of photograph.
Magnification: 1lOx.
Photographed wvith plane polarized light.
FIG. 4. Photograph of caries in dentin. Superimposed curve shows distribution of
tracks in corresponding autoradiograph. Section similar to those in Figure 2.
Dotted lines: Boundaries of the zone in which track counting was performed.
Abscissa: Lower edge of photograph.
Magnification: 1lOx.
Photographed with plane polarized light.Track autoradiography KINERSLY
opposite edge of the reticulum by slight rotation of the micrometer stage screw. Sec-
tions were usually oriented with the dentin-enamel junction parallel to one edge of the
cover slip, which in turn was parallel to a direction of movement of the microscope
stage. The square counting field did not extend to the edges of the field of vision;
hence, errors due to parallax were not appreciable.
RESULTS
The results were plotted as curves with abscissa: the unit of distance
along the counting zone, in this instance, 75ku; and ordinate: the number of
tracks per unit area counted, the unit area being 5625 u2. Some curves were
superimposed on photographs of the corresponding sections in order to
demonstrate which areas in the tooth section coincided with zones of high
track counts. The distances from the edges of the tooth section to the track
counting zone were measured; and all track photographs were accompanied
by a photograph of a stage micrometer at the same magnification. A track
curve transfer to a photograph of the corresponding section was then
possible with an error of less than 5,u.
Figure 1 shows tracks counts through enamel. The number of tracks in
areas corresponding to "beginning" caries may be compared to areas of no
caries in the same teeth. The Ca45 uptake by carious enamel is increased
when compared to non-carious enamel. Also, one may note an increase in
the Ca45 uptake by dentin as compared to enamel.
Figure 2 indicates a great difference of Ca45 uptake between carious and
non-carious dentin. The spread of the carious dentin values is probably
due to differences in degree and extent of the caries attack. These data are
from sections immersed in a Ca45 solution for the same period of time as
those in Figure 1. Exposure times for the track plates also were the same.
Figures 3 and 4 show track count curves drawn on photographs. Areas
of increased Ca45 uptake, as measured by track counts, appear to correlate
with the caries, as observed by plane polarized light. In unstained teeth
sections, the definition of caries may be observed more readily with polar-
ized than non-polarized light because of a variation in sign of the usual
birefringence.9
By means of track autoradiography, small differences in the distribution
of Ca45 may be related with very small morphological structure. Detection
of minute amounts of Ca45 is possible, and hence, the amount of Ca45 used
can be reduced considerably. Opportunity is offered to measure the degree
and extent of dental caries as compared to areas of no caries. Further
investigations are in progress.
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